1. Introduction {#s1}
===============

Obesity is closely associated with metabolic abnormalities.[@b1],[@b2] Both of obesity and metabolic abnormalities are independent factors of cardiovascular disease (CVD) morbidity and mortality.[@b1],[@b3],[@b4] The literature reports that metabolic abnormalities are closer to CVD risk and death than obesity in the general population.[@b5]--[@b7] Our previous study also reported that associations of obesity with CVD risk were attenuated and even nonexistent after an individual had developed metabolic abnormalities in a middle-aged population.[@b8] However, few studies have reported whether such differences between population with metabolic abnormalities and those without metabolic abnormalities are exist in older adults.

Although a number of studies have shown that obesity increases adverse outcomes in the general population and recommended overweight or obese populations to pursue a normal weight,[@b9]--[@b11] the effects of obesity on prognosis in population with established diseases are still controversial.[@b3],[@b12] Recent studies have reported a protective effect of obesity on prognosis in population with coronary heart disease, diabetes, hypertension, or other certain diseases.[@b12]--[@b14] According to these controversial findings, it is expected that the effect of obesity on outcomes may be different between older adults without metabolic abnormalities and those with established metabolic abnormalities; however, similar studies are limited.

Older adults are prone to obesity as well as metabolic abnormalities.[@b15] Research on associations of obesity and metabolic abnormalities with health outcomes will help to manage obesity individually and maintain health in older adults. Therefore, the present study was to investigate associations between obesity and mortality in Chinese older men with or without metabolic abnormalities.

2. Methods {#s2}
==========

2.1. Study population {#s2a}
---------------------

The present study recruited older men who visited the Chinese PLA General Hospital from Jan 2000 to Dec 2014. Inclusion criterion was men with age older than 60 years. Exclusion criteria were participants with previously diagnosed coronary heart disease, heart failure, kidney disease, liver disease, lung disease, stroke, thyroid disease, anemia, mental disease, or cancer. Participants who had a body mass index (BMI) \< 18.5 kg/m^2^ were also excluded due to the increased probability of preexisting disease. Written informed consent was obtained from all participants. This study was approved by the Medical Ethics Committee of Chinese PLA General Hospital.

2.2. Covariates {#s2b}
---------------

Data on smoking status and medical history were obtained by a self-reported questionnaire. Weight was measured to the nearest 0.1 kg and height to the nearest 0.1 cm. Systolic blood pressure, fasting plasma glucose, total cholesterol, low-density lipoprotein (LDL) cholesterol, and serum creatinine were measured by routine methods.

2.3. Definition of obesity and metabolic abnormalities {#s2c}
------------------------------------------------------

Based on the recommendation by the Working Group on Obesity in China,[@b16] BMI levels were categorized into: normal weight, BMI \< 24 kg/m^2^; overweight, 24--27.9 kg/m^2^; and obese, ≥ 28 kg/m^2^.

Refer to the definition of metabolic syndrome by the Chinese Guidelines on Prevention and Treatment of Dyslipidemia in Adults,[@b17] metabolic abnormalities were defined as having one abnormality or more abnormalities as follow: (1) having been previously diagnosed as hypertension and taking anti-hypertensive medications; (2) having been previously diagnosed as diabetes and taking antidiabetic medications; and (3) having been previously diagnosed as dyslipidemia and taking antilipemic medications.

2.4. Follow-up and outcomes {#s2d}
---------------------------

Participants were followed until December 2016. Information on mortality was obtained from death certificates, hospital records, and telephone contacts with family members. The primary outcomes were all-cause and cardiovascular death, which were defined by the tenth revision of the International Classification of Disease.

2.5. Statistical analyses {#s2e}
-------------------------

Data are shown as mean ± SD or *n* (%), as appropriate. Participants were stratified into two groups by the presence or absence of metabolic abnormalities. Differences between groups were analysed using one-way analysis of variance or chi-square tests. Non-normally distributed variables were log transformed before the analyses. Age-standardized death per 1000 person years were calculated and direct method of standardization was used. Kaplan-Meier plots were generated to visualize cumulative survivals among BMI categories. Multivariate Cox proportional hazards models were used to assess associations between BMI and mortality risk. Participants were finally stratified into subgroups by age (60--69, 70--79, and ≥ 80 years), smoking status (non-smoking or ex-smoker and current smoking), the presence or absence of hypertension, diabetes, or dyslipidemia, and the number of metabolic abnormalities. Associations between BMI and mortality risk were assessed in each subgroup individually. A two-sided *P* value \< 0.05 was considered statistically significant. All analyses were performed using SPSS 18.0 (SPSS Inc., Chicago, Illinois).

3. Results {#s3}
==========

3.1. Baseline characteristics {#s3a}
-----------------------------

A total of 3485 older men were included in the present study. Among them, 61.3% had metabolic abnormalities ([Table 1](#jgc-15-06-422-t01){ref-type="table"}). Compared to the participants without metabolic abnormalities, those with metabolic abnormalities were older and had higher levels of BMI, systolic blood pressure, total and LDL cholesterols, and serum creatinine but lower percentage of current smoking (*P* \< 0.001 for all). As shown in [Figure 1](#jgc-15-06-422-g001){ref-type="fig"}, the prevalence of overweight and obesity both increased from the non-metabolic abnormalities group to the metabolic abnormalities group (*P* \< 0.001).

###### Baseline characteristics of older men with or without metabolic abnormalities.

                                    Without metabolic abnormalities (*n* = 1348)   With metabolic abnormalities (*n* = 2137)   *P* value
  -------------------------------- ---------------------------------------------- ------------------------------------------- -----------
  Age, yrs                                           71.8 ± 7.0                                   74.3 ± 7.1                   \< 0.001
  Current smoking                                   262 (19.4%)                                   289 (13.5%)                  \< 0.001
  BMI, kg/m^2^                                       24.5 ± 3.3                                   25.3 ± 3.1                   \< 0.001
  Systolic blood pressure, mmHg                       132 ± 19                                     137 ± 18                    \< 0.001
  Fasting plasma glucose, mmol/L                    6.20 ± 3.06                                   6.04 ± 2.06                    0.106
  Total cholesterol, mmol/L                         4.28 ± 0.99                                   4.72 ± 1.10                  \< 0.001
  LDL cholesterol, mmol/L                           2.39 ± 0.80                                   2.53 ± 0.83                  \< 0.001
  Serum creatinine, µmol/L                            79 ± 77                                       91 ± 51                    \< 0.001
  Hypertension\*                                        \--                                      1603 (75.0%)                 
  Diabetes\*                                            \--                                       498 (23.3%)                 
  Dyslipidemia\*                                        \--                                       961 (45.0%)                 

Data are presented as mean ± SD or *n* (%). \*Hypertension indicated that the participants had been previously diagnosed as hypertension and took anti-hypertensive medications at baseline. Similar definitions also applied to diabetes and dyslipidemia. BMI: body mass index; LDL: low-density lipoprotein.

![BMI categories of older men with or without metabolic abnormalities.\
*P* \< 0.001 when the differences of BMI categories between the participant without metabolic abnormalities and the participants with metabolic abnormalities were compared. BMI: body mass index.](jgc-15-06-422-g001){#jgc-15-06-422-g001}

3.2. Mortality and BMI categories {#s3b}
---------------------------------

All of the included participants finished a mean follow-up period of five years. A total of 462 death occurred and 239 of them were due to cardiovascular causes. In the non-metabolic abnormalities group, overweight participants had the lowest age-standardized all-cause death (25 per 1000 person years) and age-standardized cardiovascular death (14 per 1000 person years), and obese participants had the highest age-standardized all-cause and cardiovascular deaths ([Table 2](#jgc-15-06-422-t02){ref-type="table"}). In the metabolic abnormalities group, overweight participant also had the lowest age-standardized death, but age-standardized deaths for all-cause and cardiovascular causes were highest in participants with normal weight.

###### Prevalence of mortality across BMI categories in older men with or without metabolic abnormalities.

                                     All-cause death   Cardiovascular death                          
  --------------------------------- ----------------- ---------------------- ---- ----------- ------ ----
  Without metabolic abnormalities                                                                    
   Normal weight                       77 (13.3%)             11.5%           29   38 (6.5%)   5.7%   14
   Overweight                           47 (8.0%)              8.8%           25   27 (4.6%)   5.0%   14
   Obesity                              18 (9.9%)             12.4%           33   8 (4.4%)    6.1%   16
  With metabolic abnormalities                                                                       
   Normal weight                       120 (17.6%)            17.0%           33   64 (9.4%)   9.0%   17
   Overweight                          145 (13.6%)            13.6%           24   72 (6.7%)   6.6%   12
   Obesity                             55 (14.3%)             14.7%           28   30 (7.8%)   8.0%   15

Data are presented as *n* (%) unless other indicated. Direct method of standardization was used. BMI: body mass index.

The Kaplan-Meier survival curves of older men are presented in [Figure 2](#jgc-15-06-422-g002){ref-type="fig"}. In metabolic abnormalities group, overweight participants had the best survival probability and participants with normal weight had the worst survival probability (log-rank *P* values were 0.009 and 0.036 for all-cause-free survival and cardiovascular event-free survival, respectively). However, in non-metabolic abnormalities group, the survival probability was not different among BMI categories.

![The Kaplan-Meier survival curves of older men.\
(A): all-cause mortality, the log-rank test *P* values were 0.053 and 0.009 in participants without and with metabolic abnormalities, respectively; (B): cardiovascular mortality, the log-rank test *P* values were 0.390 and 0.036 in participants without and with metabolic abnormalities, respectively.](jgc-15-06-422-g002){#jgc-15-06-422-g002}

Multivariate analyses of associations between BMI and mortality are presented in [Table 3](#jgc-15-06-422-t03){ref-type="table"}. After adjustment for age, smoking status, systolic blood pressure, fasting plasma glucose, total and LDL cholesterols, and serum creatinine, HR and 95% CI for all-cause death and cardiovascular death were 0.68 (0.51--0.92) and 0.59 (0.37--0.93), respectively, in overweight older men with metabolic abnormalities (*P* \< 0.05 for both), compared to those with normal weight. Furthermore, although associations between obesity and mortality were not significant, it seemed that risks of obesity for all-cause death and cardiovascular death were higher in participants without metabolic abnormalities than in their counterparts with metabolic abnormalities.

###### Death risk across BMI categories in older men with or without metabolic abnormalities.

                                      Normal weight      Overweight       Obesity                      
  ---------------------------------- --------------- ------------------- --------- ------------------- -------
  All-cause mortality                                                                                  
   Without metabolic abnormalities       1 (Ref)      0.86 (0.55--1.35)    0.512    1.56 (0.85--2.86)   0.156
   With metabolic abnormalities          1 (Ref)      0.68 (0.51-0.92)     0.013    0.96 (0.66--1.41)   0.846
  Cardiovascular mortality                                                                             
   Without metabolic abnormalities       1 (Ref)      0.96 (0.51--1.81)    0.901    1.40 (0.56--3.51)   0.471
   With metabolic abnormalities          1 (Ref)      0.59 (0.37-0.93)     0.022    1.18 (0.71--1.97)   0.527

Age, smoking status, systolic blood pressure, fasting plasma glucose, total cholesterol, low density lipoprotein cholesterol, and serum creatinine were adjusted. BMI: body mass index.

3.3. Stratified analyses {#s3c}
------------------------

When participants were stratified by age (60--69, 70--79, and ≥ 80 years) or smoking status, overweight and obesity were not associated with death risk after adjustment for covariates in all subgroups in participants without metabolic abnormalities ([Table 4](#jgc-15-06-422-t04){ref-type="table"}). However, in participants with metabolic abnormalities, the negative association between overweight and mortality risk remained significant in all subgroups stratified by age, the presence or absence of hypertension, diabetes, or dyslipidemia, and the number of metabolic abnormalities (*P* \< 0.05 for all). Furthermore, obesity also showed a negative association with death risk in participants with metabolic abnormalities but without hypertension \[HR (95% CI): 0.14 (0.03--0.73)\].

###### Stratified analyses of all-cause mortality risk across BMI categories in older men with or without metabolic abnormalities.

                                        Normal weight      Overweight            Obesity
  ------------------------------------ --------------- ------------------- -------------------
  Without metabolic abnormalities                                          
   Age group                                                               
    60--69 yrs                             1 (Ref)      1.06 (0.32--3.50)   1.48 (0.25--4.18)
    70--79 yrs                             1 (Ref)      0.63 (0.38--1.05)   1.52 (0.70--3.32)
    ≥ 80 yrs                               1 (Ref)      1.32 (0.66--2.62)   1.89 (0.68--5.27)
   Smoking status                                                          
    Non- or ex-smoker                      1 (Ref)      0.79 (0.49--1.27)   1.48 (0.79--2.78)
    Current                                1 (Ref)      2.02 (0.48--8.49)   3.85 (0.33--44.5)
  With metabolic abnormalities                                             
   Age group, years                                                        
    60--69 yrs                             1 (Ref)      0.32 (0.11--0.94)   0.58 (0.17--1.99)
    70--79 yrs                             1 (Ref)      0.53 (0.34--0.83)   1.10 (0.67--1.83)
    ≥ 80 yrs                               1 (Ref)      0.63 (0.42--0.93)   0.66 (0.33--1.32)
   Smoking status                                                          
    Non- or ex-smoker                      1 (Ref)      0.70 (0.52--0.96)   0.99 (0.66--1.46)
    Current                                1 (Ref)      0.75 (0.18--3.05)   0.93 (0.16--5.23)
   Hypertension                                                            
    No                                     1 (Ref)      0.38 (0.20--0.75)   0.14 (0.03--0.73)
    Yes                                    1 (Ref)      0.74 (0.56--0.98)   0.94 (0.66--1.34)
   Diabetes                                                                
    No                                     1 (Ref)      0.64 (0.48--0.85)   0.86 (0.59--1.24)
    Yes                                    1 (Ref)      0.69 (0.42--0.97)   0.92 (0.42--2.03)
   Dyslipidemia                                                            
    No                                     1 (Ref)      0.62 (0.45--0.88)   0.78 (0.51--1.19)
    Yes                                    1 (Ref)      0.64 (0.47--0.96)   1.11 (0.64--1.94)
   Number of metabolic abnormalities                                       
    One                                    1 (Ref)      0.54 (0.38--0.75)   0.71 (0.46--1.10)
    Two                                    1 (Ref)      0.66 (0.46--0.96)   1.17 (0.65--2.12)
    Three                                  1 (Ref)             \--                 \--

Data were shown as HR (95% CI). Age, smoking status, systolic blood pressure, fasting plasma glucose, total cholesterol, LDL cholesterol, and serum creatinine were adjusted. The covariate was not included in models when the participants were stratified by this covariate. LDL: low-density lipoprotein.

4. Discussion {#s4}
=============

Our present study found that the effect of overweight on outcomes was different between older adults without metabolic abnormalities and those with established metabolic abnormalities. Overweight reduced death risk in older men with metabolic abnormalities but not in older men without metabolic abnormalities. Furthermore, obesity did not associated with mortality risk both in older men without metabolic abnormalities and in older men with metabolic abnormalities. The different effect of obesity on mortality between older adults without metabolic abnormalities and those with metabolic abnormalities was not found, which may be partially attributed to the small size of sample in participants with obesity.

Obesity and metabolic abnormalities are common in older adults. Our studies showed that more than half of older men had obesity or metabolic abnormalities. Previous studies reported that both obesity and metabolic abnormalities are independent risk factors of CVD and death.[@b4],[@b18],[@b19] Based on these reports, recent guidelines encourage population with overweight or obesity to pursue a normal weight and a metabolic health status.[@b11] However, when obesity and metabolic abnormalities were considered together, the findings are controversial. The literature reported that the population with metabolic abnormalities but normal weight had higher risks for CVD and mortality than the obese population without metabolic abnormalities.[@b6],[@b7] Our previous study found that associations of obesity with CVD risk were attenuated once one person had metabolic abnormalities.[@b8] In the present study, the association of obesity with mortality was also attenuated in participants with metabolic abnormalities compared to participants without metabolic abnormalities, although the significant associations were not found in both groups, which may suggest that the adverse effect of obesity on death may be more important in older men without metabolic abnormalities. An explanation for all these findings is that metabolic abnormalities may be closer to CVD and death than obesity. Nearly half to three-quarters of excess risk of obesity for mortality could be mediated by the control of metabolic abnormalities.[@b5]

Furthermore, the findings of the adverse effects of obesity on outcomes which have been reported in the general population are also controversial in the population with established disease.[@b3],[@b12] Recent studies reported that obesity had a protective effect on mortality in participants with diabetes, hypertension, and coronary heart disease.[@b13],[@b14] Our study was the first to observe a protective effect of overweight on death in older men with metabolic abnormalities but not in those without metabolic abnormalities. We suppose that this difference may be also significant in participants with obesity if the size of sample is large enough. Reasons for the different effects of overweight on mortality between the general population and the population with established diseases remain unclear. An attenuation of the adverse effect of obesity in the population with established diseases may be one reason.[@b5] Furthermore, a shift toward decreased muscle mass and increased fat mass occurs with aging.[@b20] The protective effects of overweight and moderate obesity, such as nutritional reserve and stores of lean less, may prevail over their adverse effects in older adults. Unfortunately, the percentage of participants with severe obesity was low in our study population; thus, the association between severe obesity and mortality could not be assessed. We think that compared to overweight and mild obesity, severe obesity may significantly increase adverse outcome risks regardless of metabolic abnormalities, contributing to the harmful effect of adipocyte hypertrophy on health outcomes.[@b21] Finally, we could not exclude a reason that overweight or obese participants may receive more medical care than the participants with normal weight during the follow-up.[@b22],[@b23] This phenomenon may be more common in those with obesity and metabolic abnormalities co-existed, which caused to a better prognosis in these participants.

The present study has several limitations. First, the size of sample was relatively small in participants with obesity, which may be the reason for the insignificant difference in the effect of obesity on outcomes between the non-metabolic abnormalities and the metabolic abnormalities groups. Using large-scale populations, previous studies reported that obesity increased mortality risk in the general population but decreased mortality risk in the populations with established diseases.[@b4],[@b14] Second, other indicators of adiposity, such as waist circumference and body fat percentage, were not obtained in our study. Although BMI is widely used to indicate obesity and predict obese-related diseases and mortality, a number of studied reported that waist circumference or body fat percentages were better to reflect body fat distribution and predict prognosis.[@b24],[@b25]

In conclusion, the present study found that overweight had a protective effect on mortality in older men with metabolic abnormalities but not in those without metabolic abnormalities. Furthermore, obesity was not associated with mortality risk regardless of metabolic abnormalities. These findings suggest that the recommendation of pursuing a normal weight may be wrong in overweight or obese older men, especially for those with metabolic abnormalities.
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